Fastening Assembly 
CROSS REFERENCE TO PENDING APPLICATION 



This application is a continuation of pending International Ap- 
plication PCT/EP99/04973 filed on July 14, 1999, which desig- 
nates the United States. 

BACKGROUND OF THE INVENTION 

The invention relates to a fastening assembly for fastening a 
fixing element, for example a plate, brace, angle, profile, ar- 
mature, retainer or the like, to a substructure by means of at 
least one screw which can be passed through at least one bore 
in the fixing element and can be screwed into the substructure. 

Numerous fastening assemblies of the mentioned type are known, 
which are provided for many different types of applications. 
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For example, such fastening assemblies are used in the house- 
hold, for example to mount objects on the wall or ceiling, such 
as lamps, shelves or the like* Normally, fixing elements in the 
form of wall fixtures, profiles or the like are provided for 
such objects which must then be secured to the wall or the 
ceiling by means of one or more screws. 

Such fixing elements normally have one or more bores through 
which a screw is passed and screwed into the substructure. In 
such cases, a hole is first drilled into the wall or the ceil- 
ing into which a dowel is inserted and the screw is then 
screwed into the dowel. By completely and firmly tightening the 
screw, the screw head forces the fixing element against the 
substructure . 

Due to inexperience of the user in household applications or 
due to improper tools, it frequently occurs that the hole in 
the wall or the ceiling is not perpendicular to the surface, 
but is drilled at an angle. In particular, it is difficult to 
drill a perpendicular hole in the wall or ceiling when located 
close to a corner of the room, because the housing of the 
drilling machine makes it difficult or impossible to place the 
drill perpendicular to the ceiling or the wall. 

If the hole in the wall or the ceiling is slanted, the screw 
must necessarily be screwed in at an angle through the bore in 
the fixing element and into the substructure. The shaft of the 
screw normally has a diameter which is only slightly smaller 
than the bore so that the shaft of the screw can clamp with the 
upper and/or lower edge of the bore. The screw can then only be 
applied with increased force exertion. In the worst case, it is 
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not even possible to completely tighten down the screw and the 
fixing element is then not securely and immovably fixed to the 
substructure. This drawback can also not be avoided by an elon- 
gated configuration of the bore. 

Even if the screw can be completely tightened and drawn down to 
the substructure, the screw head only contacts the edge of the 
bore. In the case of a countersunk screw, in some cases only a 
point contact is made with the fixing element. This does not 
ensure a solid play-free securement of the fixing element to 
the substructure . 

Another application of such fastening assemblies is the do-it- 
yourself assembly of furniture, for example mounting hinges on 
cabinet doors or the like. In such cases, self -cutting wood 
screws are used as the screws. When mounting an angle, it is 
also frequently difficult to turn down the wood screws to be 
perpendicular to the cabinet wall because of the difficult ac- 
cess in the region of the angle. As soon as a few windings of 
the screw engage with the substructure, the orientation of the 
shaft with respect to the substructure and therefore with re- 
spect to the fixing element normally can not be corrected. The 
same problem then arises that the screws can not be completely 
tightened or only with excessive force to secure the fixing 
element immovably to the substructure. 

A further important application of the mentioned fastening as- 
sembly lies in the medical field. Braces or splints are im- 
planted in patients to heal bone fractures by fixing the broken 
bone portions, which are formed as elongated metal plates. At 
least two bores are provided in the brace, so that the brace 
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can be applied across the fracture connecting the two bone por- 
tions. Bone screws are used as the screws, which are directly 
applied to the bones. Due the anatomical conditions of the pa- 
tient or the location of bone fracture, it is also often neces- 
sary to apply the bone screws at an angle with respect to the 
bone brace. The same problem arises here as described above in 
conjunction with the technical applications. 

In addition, for this application the bone parts to which the 
brace is to be secured do not have a flat uniform surface but 
have concave and convex undulations. In order to fix the brace 
immovably to the bone parts, the bone screw can not be screwed 
into the bone with excessive force. This would cause undesired 
tension or could even lead to an additional fracture of the 
bone. It is therefore necessary that the bone screws establish 
a rigid connection of the brace with the bone parts without 
having to exert an excessive force, through which the bone 
parts would otherwise be pressed onto the brace and placed un- 
der stress. 

A fastening assembly allowing a screw to be screwed into the 
substructure at an angle with respect to the fixing element 
without increased force exertion and allowing an immovable con- 
nection free of play is disclosed in US 4,388,921. This known 
fastening assembly comprises a bushing arranged in the bore of 
the fixing element, through which the screw can be passed for 
screwing the screw into the substructure. The bushing of this 
known fastening assembly is able to swivel in several spacial 
directions when seated in the bore. The bushing further com- 
prises a seat for receiving the head of the screw. An inner 
surface of the bore and an outer surface of the bushing are 
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formed to be about spherically curved, wherein a region of 
largest diameter of the inner surface of the bore is situated 
at the upper edge of the bore. By that the bushing can fall out 
of the bore as long as the screw is not screwed into the sub- 
structure. Therefore, the handling of this known fastening as- 
sembly is somewhat cumbersome because there are three parts, 
namely the fixing element, the screw and the bushing which must 
be held by hand when using the fastening assembly. In particu- 
lar, in case that the fastening assembly must be fastened under 
a ceiling the bushing can fall out when manipulating the fixing 
elements and the screw. In medical applications there exists 
the risk that the bushing is lost in the human body. 

The object of the present invention is therefore to provide a 
fastening assembly which is improved in terms of its handling 
properties . 

SUMMARY OF THE INVENTION 

This object is achieved according to the invention by a fasten- 
ing assembly, comprising: 

a fixing element to be fastened to a substructure, said 
fixing element having at least one bore; 

at least one screw which can be passed through said at 
least one bore of said fixing element, and which can be 
screwed into said substructure, said screw having a shaft 
and a head; 
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at least one bushing arranged in said at least bore, 
through which said screw can be passed for screwing said 
screw into said substructure, said bushing being able to 
swivel in several spacial directions when seated in said 
bore, said bushing further comprising a seat for at least 
partially receiving at least a partial surface of said 
head of said screw, 

wherein an inner surface of said bore and an outer surface of 
said bushing are formed to be about spherically curved, such 
that a region of largest diameter of said inner surface and 
said outer surface is situated between an upper edge and a 
lower edge of said bore, wherein said bushing is loss-proof 
pressed in in said bore. 

The fastening assembly according to the invention comprises a 
bushing which is received in the at least one bore of the fix- 
ing element and is mounted to be able to swivel or tilt in the 
bore in several spacial directions. Said in other words, the 
bushing can tilt or wobble in the bore. The screw to be driven 
into the substructure passes through this bushing in the bore. 
Due to the presence of the swivel-mounted bushing, the screw 
can pass through the fixing element at an angle in several di- 
rections, without the screw becoming clamped by the bushing, 
because the bushing then also adapts to the angle. Thus the 
longitudinal axis of the screw always remains substantially 
perpendicular to the upper and lower openings of the bushing. 
In this manner, the shaft of the screw does not catch on the 
upper or the lower edge of the bushing. 
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Also according to the invention, the bushing comprises a seat 
to at least partially receive a head of the screw* When drawing 
down the screw, the head at least partially engages with the 
bushing, for example it comes into contact with the bushing at 
least partially over a surface. When the screw head at least 
partially contacts or engages the seat of the bushing, the 
bushing becomes fixed in the bore. The screw head and the bush- 
ing then form a rigid immovable connection of the fixing ele- 
ment with the substructure. It is not necessary to apply exces- 
sive force to the screw to achieve the rigid connection of the 
fixing element to the substructure because a reliable anchoring 
of the screw in the fixing element is achieved through the en- 
gagement of the head with the bushing independent of the orien- 
tation of the screw with respect to the bore in the fixing ele- 
ment. 

Further, according to the present invention, an inner surface 
of the bore and an outer surface of the bushing are formed to 
be about spherically curved, such that a region of largest di- 
ameter of the inner surface and the outer surface is situated 
between an upper edge of the bore and at a lower edge of the 
bore, wherein the bushing is loss-proof pressed in in the bore. 
This configuration of the fastening assembly has the effect 
that the bushing is retained in the bore so it cannot fall out 
because it is loss-proof pressed in in the bore. This simpli- 
fies the fastening of the fixing element to the substructure 
because the bushing does not need to be held by hand in the 
bore when applying the fixing element to the substructure. 

In a preferred embodiment, a symmetry axis of the bushing can 
be swiveled, preferably over an entire azimuth angle of 360° in 
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an angular range in the range of 0° to at least 45° with re- 
spect to a symmetry axis of the bore. 

When the bushing is arranged in the bore to swivel or tilt 
within the mentioned solid angle range, the screw can be driven 
into the substructure without problem with the present fasten- 
ing assembly in all cases where the screw intentionally or un- 
intentionally is oriented at an angle with respect to the bore. 

In a further preferred embodiment, the bushing is mounted di- 
rectly in the bore. 

The advantage is that the fastening assembly has a very simple 
construction, because further parts for mounting the bushing in 
the bore are not required. In this embodiment, the bore itself 
forms the bearing surface for the bushing. 

In a further preferred embodiment, the bushing is received in 
form-locking manner in the bore. 

The feature has the advantage that the bushing is carried in 
the bore in a manner substantially free of play due to the 
form- locking retainment. 

In a further embodiment, the bushing is received to be swiveled 
in the bore through a bearing element, which can be fixed to 
the fixing element and which is arranged in the bore, and 
wherein in this case an inner surface of the bearing element is 
about spherically curved, such that a region of largest diame- 
ter of said inner surface and said outer surface is situated 
between an upper edge and a lower edge of the bearing element, 
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wherein the bushing is loss-proof pressed in the bearing ele- 
ment. 

This configuration has the advantage that conventional fixing 
elements can be subsequently equipped with a bushing according 
to the present invention. The bearing element can preferably be 
made together with the swivel bushing therein to form an inset, 
so that the bearing element with the bushing can be placed in 
the bore. For example, bearing elements in various sizes for 
corresponding bore diameters can be made available. The outer 
contour of the bearing element in the simplest case can be cy- 
lindrical so that the bearing element can be disposed in a con- 
ventional cylindrical bore in the fixing element. In household 
applications, this can be accomplished by the user himself or 
at most it could be necessary to enlarge the bore in the fixing 
element with a drill. 

In a further preferred embodiment, the screw head and the seat 
of the bushing form a substantially form-locking connection. 

With a form-locking configuration of the connection of the 
screw head with the bushing seat, a substantially play-free an- 
choring of the screw head in the bushing and therefore of the 
screw with the fixing element is achieved in constructively 
simple manner. 

In a further preferred embodiment, the screw head and the bush- 
ing seat are formed to be conical and complementary to one an- 
other . 
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The feature has the advantage that the radially expanding sec- 
tions act as engagement slopes through which the bushing is 
automatically tilted into the aligned position when the screw 
head sinks into the seat as the screw is being driven into the 
substructure. A further advantage is that the screw head and 
the bushing form a composite through which the anchoring of the 
screw in the fixing element is further improved when tightening 
the screw. 

In a further preferred embodiment, an upper edge of the seat in 
the bushing is rounded. 

This feature also provides an engagement slope which allows a 
self-alignment of the bushing with respect to the screw head, 
when the head comes into contact with the bushing. A clamping 
or blocking of the screw when being turned into the substruc- 
ture is prevented. 

In a further preferred embodiment, a periphery of the screw 
head is configured as a support surface, which in the tightened 
condition of the screw rests against a support surface of the 
bushing, formed to be approximately complimentary to the sup- 
port surface of the head. 

With this feature, the anchoring of the screw head with the 
bushing is improved in advantageous manner. 

The bushing preferably has about the same height as the bore 
and the screw head preferably has about the same height as the 
seat in the bushing. 
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The feature has the advantage that the bushing does not project 
from the bore and the screw head remains completely sunk in the 
seating, so that the screw head, the bushing and the fixing 
element form a substantially edge-free uniform end surface in 
the region of the bore . 

In a further preferred embodiment, the bushing is fabricated 
integrally of one piece of metal or synthetic material or has a 
metal body and the seat of the bushing can be at least par- 
tially coated with synthetic material* 

Synthetic material has the advantage that the bushing can be 
radially elastically expanded to a large extent, so that the 
screw acquires an extensive frictional press fit in the seat 
when the screw head is sunk in the seat. At the same time, the 
seat is also firmly pressed against the bore or the bearing 
element, so that a completely immovable securement of the fix- 
ing element to the substructure is made possible. Such a com- 
pletely immovable play-free press fit is however also achieved 
with a metal bushing and a conical configuration of the screw 
head and the bushing seat, when the bushing and the bore or the 
bearing element are configured to fit precisely to one another. 

In a first preferred use, the fastening assembly according to 
the present invention is employed to secure a bone fracture in 
the human body, where the fixing element is a rigid plate or a 
rigid brace and the at least one screw is a bone screw. In this 
application in the medical field, the present fastening assem- 
bly is of particular advantage, because a stable play-free an- 
choring of a bone brace to the bone parts on either side of the 



12 



fracture is achieved without drawing in the bone screws with 
excessive force. 

In a further preferred use, the present fastening assembly is 
employed to mount an object on a wall, where the fixing element 
is a wall fixture, a profile or the like, or is employed for 
assembling furniture or the like, where the fixing element is 
an armature, a hinge, an angle or the like* Also in these ap- 
plications, an immovable securement of a fixing element to a 
substructure, such as a wall or a ceiling, is made possible 
through the present fastening assembly, also when the screw or 
screws are applied at an angle to the substructure. 

Further advantages can be taken from the following description 
and the attached drawings. It will be understood that the above 
mentioned features and those to be discussed below are applica- 
ble not only in the given combinations, but also in other com- 
binations or taken alone without departing from the scope of 
the present invention. 

Embodiments of the invention are illustrated in the drawings 
and will be described in detail in the following: 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a cross section of a fastening assembly ac- 
cording to the present invention in an application 
for example for securing a brace to a bone; 

Fig. 2 shows a cross section through the fastening assembly 
in Fig. 1 along the line II-II; 
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Fig. 3 shows a cross section through the fastening assembly 
in Fig, 1 along the line III-III; 

Fig. 4 shows a section of the fastening assembly in Fig. 1 
in a representation corresponding to Fig. 1 illus- 
trating the function of the fastening assembly when 
driving the screw into the substructure at a first 
stage ; 

Fig. 5 shows an illustration according to Fig. 4 where the 
screw is driven into the substructure to an extent 
that the screw head just comes into contact with the 
bushing of the fastening assembly; 

Fig. 6 shows a further embodiment of a fastening assembly 
in an illustration corresponding to Fig. 2; 

Fig. 7 shows a schematic illustration of the movability of 
the bushing about the symmetry axis of the bore of 
the fixing element. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Figures 1 to 3 illustrate a fastening assembly designated with 
the numeral 10 for fastening a fixing element 12 to a substruc- 
ture 14. 

In the illustrated embodiment, the fixing element 12 is a 
brace 16 in the form of an approximately rectangular elongated 
plate, which is secured to a bone 18 having a fracture 20. Two 
bone parts 22, 24 separated by the fracture 20 are fixed to one 
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another by the brace 16 to heal the fracture 20. The brace 16 
is fastened with a first screw 26 and a second screw 28 to the 
bone part 22 and the bone part 24 , respectively. The first 
screw 26 and the second screw 28 are bone screws, each having a 
threading 30 formed on a shaft 27 , 2 9 of the screw 26, 28. The 
threading 30 cuts a corresponding thread in the bone parts 22, 
24 when turning the screw 26 or 28. 

The brace 16 includes a first bore 32 and a second bore 34, 
where a first bushing 36 is received in the first bore 32 and a 
second bushing 34 in the second bushing 38. The first bush- 
ing 36 comprises a seat 40 and the second bushing 38 comprises 
a seat 42, which receives a head 44 of the screw 26 or, respec- 
tively, a head 46 of the screw 28. The head 44 of the screw 26 
and the head 46 of the screw 28 each comprise an inner hexa- 
gon 48, which receives a hex head socket wrench in form-locking 
manner for screwing in and out the screws 26, 28. 

The bushings 36, 38 are mounted in the bores 32, 34 to be able 
to swivel in several directions in the indicated embodiment in 
all spacial directions. This swiveling or tilting capability of 
the bushings 36, 38, however, is only present when the 
heads 44, 46 are not received in the seats 40, 42 of the bush- 
ings 36, 38. In the condition shown in Figs. 1 to 3, the 
heads 44, 46 are disposed in the seats 40, 42 and the 
screws 26, 2 8 are screwed into the bone 18, such that the bush- 
ings 36, 38 are fixed. In the final mounted condition shown in 
Figs. 1 to 3, the fixing element 12 is completely immovably 
connected to the substructure 14. 
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The free swivel capability of the sleeve 36 or 38, however, ex- 
ists as long the heads 44, 46 of the screws 26, 28 do not en- 
gage in the seat 40 of the bushing 36 or in the seat 42 of the 
bushing 38, as is illustrated in the example of the screw 2 8 
and the bushing 38 in Fig. 4. 

In the embodiment of Figs, 1 to 3, the bushing 38 is tilted in 
the bore 34 of the brace 16 such that a symmetry axis 49 of the 
bushing 38 is inclined by an angle a (see Fig. 1) with respect 
to a symmetry axis 50 of the bore 34 with respect to the longi- 
tudinal axis of the brace 16 and is inclined in a direction 
transversely to the longitudinal axis of the brace 16 by an an- 
gle P (see Fig. 3). The free swivel capability of the bush- 
ing 28 has the effect that when the screw 28, as shown in 
Figs. 1, 4 and 5 is screwed into the bone 18 at an angle, the 
bushing 38 is automatically positioned in the bore 34, such 
that the symmetry axis 4 9 of the bushing 38 coincides with the 
symmetry axis of the screw 28. Thus, a clamping of the screw 28 
when being screwed into the bone 18 with the bushing 38 is 
avoided . 

In the completely mounted condition, the head 4 6 of the 
screw 28 is received in form-locking manner in the seat 42 of 
the bushing 38. The form-locking engagement of the head 4 6 in 
the seat 42 of the bushing 38 is always automatically achieved 
by screwing in the screws 26 and 28, independent of whether the 
screw 28 is applied at an angle to the bone 18 or, as illus- 
trated in the case of the screw 26, whether the screw 26 is ap- 
plied perpendicularly to the bone 18. 
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When the screw 26 or 28 is completely inserted, the head 44 of 
the screw 26 or the head 46 of the screw 28 sits in a press-fit 
in the seat 40 or 42 of the bushing 36 or 38 , and the bush- 
ing 36 and the bushing 38 are pressed against the wall of the 
bore 32 or 34, 

The bushing 36 or the bushing 38 can be swiveled in the bore 32 
or the bore 34 over the entire azimuth angle of 360° in an an- 
gular range of 0° to at least 45° (see Fig. 7). In Fig, 7, this 
is shown for a tilt angle of about 10°. 

In the embodiment of Figs, 1 to 3, the bushings 36, 38 are 
mounted directly in the bores 32, 34, namely the bushings 36, 
38 are received in form- locking manner in the bores 32, 34. Due 
to the form-locking arrangement, the bushings 36, 38 are held 
to be non-releasable in the bores 32, 34. An inner surface 52 
of the bore 32 of the brace 16 and an outer surface 54 of the 
bushing 36 are spherically curved for this purpose, where the 
inner surface 52 of the bore 32 is spherically concave and the 
outer surface 54 of the bushing 36 is spherically convex. A re- 
gion 56 of the largest diameter of the inner surface 52 and the 
outer surface 54 then lies between an upper edge 58 of the 
bore 32 and a lower edge 60 of the bore 32. With this configu- 
ration, the bushing 36 is not releasable, however, can be 
freely pivoted in all spacial directions in the bore 32. The 
bushing 38 and the bore 34 have the corresponding configura- 
tion. 

Further, an upper edge 62 of the bushing 36 is rounded, also on 
the bushing 38. A support surface 64 is formed on the head 44 
of the screw 26 (as on the head 46 of the screw 28) in a pe- 
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ripheral region tapering radially downwardly. In the secured 
condition of the brace 16 shown in Fig. 1, the support sur- 
face 64 rests on an approximately complimentary support sur- 
face 66 of the bushing 36. On the whole, the head 44 lies com- 
pletely sunk in the seat 40 of the bushing 36 to be flush in 
the seat 40 of the bushing 36. The counteracting, inclined sup- 
port surfaces 64, 66 cause a slight expansion of the bushing 36 
which improves the anchoring and pressing of the screw head 44 
into the bushing 36. 

As can be taken from Figs. 1 to 3, the head 44 of the screw 26 
has about the same height as the seat 40 in the bushing 36 and, 
in addition, the height of the bushing 36 is about the same as 
the bore 32 , so that the upper edge 62 of the bushing 36 forms 
a substantially even surface with the upper side of the head 44 
of the screw 26 and the upper side of the brace 16. 

Fig. 6 shows a further embodiment of a fastening assembly 70, 
which is modified in comparison to the fastening assembly 10 in 
that the bushing 72 in the bore 70 is swiveled mounted by means 
of a bearing element 76. The bearing element 7 6 is immovably 
received in the bore 74 of a fixing element 78. The bearing 
element 76 is configured for example to be slightly conical and 
is inserted from the bottom into the bore 74 of the fixing ele- 
ment 78. The bearing element 76 can be manufactured for example 
with the bushing 72 as an inset to be placed in the bore 74. 

The bearing element 76 is adapted at its outer contour to the 
bore 74 and can be configured to be cylindrical instead of the 
truncated cone configuration shown in Fig. 6. In this case, a 
support ring can be provided at the lower edge of the bearing 
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element 76, which engages with the edge of the bore 74 to pre- 
vent the bearing element 76 from being pushed out of the 
bore 74 in the upward direction. 

The bushing 72 is form-locked and free to swivel in the bearing 
element 76 due to the corresponding shaping of the bearing ele- 
ment 7 6 and the bushing 72. 

A further difference to the previous embodiment is that a 
head 80 of a screw 82 is formed to be conical and a seat 84 of 
the bushing 72 is also conical in compliment thereto. Compared 
to the previous embodiment/ an improved anchoring of the 
head 80 in the bushing 84 is achieved with this configuration 
when the screw is firmly applied. 

In the embodiment of Fig. 6 as well as the embodiment of 
Figs. 1 to 3, the bushings 72 , 36 , 38 are made integrally in 
one piece of a metal or synthetic material. Alternatively, they 
have a metal body wherein the seats 40, 42, 48 in the respec- 
tive bushings 36, 38, 72 are at least partially lined with a 
synthetic material. 

Whereas the fastening assembly 10 was described for a special 
application in the medical field for fastening a brace 16 to a 
bone 18, it will be understood that such a fastening assembly 
can also be employed for technical applications, for example in 
the household for securing fixing elements such as plates, 
frames, angles, retainers, etc. to a wall or a ceiling. 



What is claimed is; 



